Introduction
Understanding the initial formation of galaxies depends on discovering sources obscured by dust and tracing these sources to their earliest epoch in the universe. The extreme luminosity of dusty, local sources was originally revealed by the Ultraluminous Infrared Galaxies (ULIRGs, e.g. Soifer, Neugebauer and Houck 1987, Sanders and Mirabel 1996) , whose luminosity arises from infrared emission by dust, and this dust often obscures the primary optical sources of luminosity. That such galaxies are important in the early universe was demonstrated by source modeling which indicated that the infrared dust emission from galaxies dominates the cosmic background luminosity (Chary and Elbaz 2001; Lagache et al. 2004; Le Floc'h et al. 2005) .
Surveys in the submillimeter were the first to discover individual, optically obscured, dusty sources at redshifts z 2 . A variety of observing programs using spectra from the Spitzer Infrared Spectrometer (IRS; Houck et al. 2004 ) subsequently found luminous ULIRGS to redshifts z ∼ 3 (e.g. Houck et al. 2005; Sajina et al. 2007; Weedman and Houck 2009b) . This Spitzer-discovered population of high redshift ULIRGs has large infrared to optical flux ratios [f ν (24 µm) > 1 mJy and R > 24] attributed to heavy extinction by dust and has been labeled "dust obscured galaxies" (DOGS; Dey et al. 2008) . Some DOGs are powered primarily by starbursts and some by active galactic nuclei (AGN), and the DOGS are similar to the population of submillimeter galaxies in overall spectral energy distributions (SEDs), redshifts, and luminosities (Pope et al. 2008; Menendez-Delmestre et al. 2009; Coppin et al. 2010; Kovacs et al. 2010 ).
To discover and understand dusty galaxies at even higher redshifts than the DOGs known so far, the atomic line emission of [CII] 158 µm is the single most important spectroscopic feature because it is the strongest far-infrared line (Stacey et al. 1991; Luhman et al. 2003; Brauher et al. 2008) . As a consequence, this line will provide the best opportunity for redshift determinations and source diagnostics using submillimeter and millimeter spectroscopic observations. Already, [CII] has been detected at redshift exceeding 7 (Maiolino et al. 2005; Venemans et al. 2011 ) and shown to be strong in starbursts with 1 < z < 2.5 (Hailey-Dunsheath et al. 2010; Stacey et al. 2010; Ivison et al. 2010 ).
Our primary motives for the present paper are to present [CII] results for a large sample of dusty sources and to compare with mid-infrared classification indicators for starbursts and AGN. This comparison leads to a calibration between star formation rate (SFR) and [CII] luminosity. We emphasize the diagnostics used for DOGS at z ∼ 2, because the large populations of submillimeter and mid-infrared DOGS now known at this epoch provide a crucial reference for scaling to higher redshifts. The epoch 2 z 3 is also important because this is the observed epoch at which starburst and AGN activity seems to peak (e.g. Madau et al. 1998; Reddy and Steidel 2009; Fan et al. 2004; Croom et al. 2004; Brown et al. 2006) .
The [CII] line should be primarily a diagnostic of star formation, being associated with the photodissociation region (PDR) surrounding starbursts (Tielens and Hollenbach 1985; Helou et al. 2001; Malhotra et al. 2001; Meijerink et al. 2007) , and the line appears to be weaker in the most luminous sources ("the [CII] deficit", Luhman et al. 2003) . It is crucial to understand the origin of this line and the extent to which its luminosity is a measure of SFR. Does [CII] scale with other star formation indicators? Is the [CII] deficit a consequence of AGN dominance rather than star formation in luminous sources? Determining such answers is the objective of new observations we have undertaken with the Herschel Space Observatory (Pilbratt et al. 2010 ).
Observations

Selection of Sources
Using the Herschel PACS instrument (Poglitsch et al. 2010) , it is now possible to measure efficiently the [CII] luminosity in luminous, dusty galaxies within the local universe. Many observations are underway (e.g. the SHINING key program, E. Sturm, P.I.). Our Herschel PACS observing program (OT1dweedman1) includes 112 sources chosen to connect the [CII] results to various mid-infrared diagnostics of starburst and AGN activity that can be derived from spectroscopic observations with the Spitzer IRS.
Our source list was assembled using these criteria: 1. All targets have complete low resolution and high resolution mid-infrared spectra from 5 µm to 35 µm with the Spitzer IRS; low resolution spectra are available in the Cornell Atlas of Spitzer IRS Spectra (CASSIS; Lebouteiller et al. 2011 2 ). 2. All targets have complete fluxes from the Infrared Astronomical Satellite (IRAS) so the total infrared luminosities L ir can be determined with the relation of Sanders and Mirabel (1996) . 3. Finally, all targets are spatially unresolved (according to estimates described below) to give confidence that IRS and Herschel spectroscopy measure the same source. These selection criteria do not include any source classification criteria; the criteria derive only from selection based on available archival observations. The 112 sources in our observing program are taken from the 301 sources in Sargsyan et al. (2011) by proceeding as follows. That list was produced starting with all IRS archival observations then available having both IRS low resolution spectra and complete flux measures with IRAS, giving a sample of 501 sources. To exclude extended sources for which IRS and IRAS flux comparisons would not be the same, the total f ν (IRAS 25 µm) was compared to the f ν (IRS 25 µm) measured with the 10 ′′ slit of the IRS to define a list of 301 sources estimated to be unresolved (see Figure 2 in Sargsyan et al. (2011) and the accompanying discussion). The resulting sample has 0.004 < z < 0.34 and 42.5 < log L IR < 46.8 (erg s −1 ) and covers the full range of starburst galaxy and AGN classifications.
Of these 301 sources, 182 also have IRS high resolution spectra in addition to the low resolution spectra. At the time of our PACS proposal, 41 of these 182 had PACS observations listed either in the Herschel Reserved Observations Search Tool (30 sources) or archival [CII] data from ISO (11 sources; Brauher et al. 2008) . Of the 141 remaining sources, we selected for new PACS [CII] observations the 123 brightest as measured by IRS flux of the 11.3 µm polycyclic aromatic hydrocarbon (PAH) feature. Subsequently, 11 of these 123 were yielded to program OT1dfarrah1, giving our final sample of 112 sources. These are the results we report in the present paper. We also include for comparison the prototype ULIRG Markarian 231 using the PACS [CII] flux from Fischer et al. (2010) and IRS data from Sargsyan et al. (2011) because this important source satisfies all of our sample selection criteria.
Having IRS low resolution and high resolution spectra for all sources means that many comparisons can be made with various mid-infrared diagnostic features, including several atomic and molecular emission lines, silicate absorption and emission, and the dust continuum. In future papers, we will present comparisons with emission line fluxes, velocities and profiles. For the present analysis, our goal is only to compare the [CII] results to PAH molecular emission features. The PAH features are the most important diagnostics for classifying dusty, luminous starbursts and AGN at z 2, as described below in section 2.2 and illustrated in Figure 1 . They are also the most important mid-infrared measure of SFR. By relating [CII] to PAH, the populations of DOGS already known at z ∼ 2 can be compared with sources at even higher redshifts when such sources are observed using [CII] .
Classification of Sources
For understanding the ultimate luminosity source, it is necessary to distinguish starbursts and AGN. The most important mid-infrared spectroscopic criterion for classification is the broad complex of PAH emission (Figure 1 ) which arises within the PDR surrounding starbursts (Peeters et al. 2004) . That PAH emission is weak in AGN compared to starbursts was initially demonstrated observationally by Genzel et al. (1998) using spectroscopy with the Infrared Space Observatory (ISO). The strength of a PAH feature compared to the underlying continuum (the equivalent width, EW) decreases as the AGN component increases because the continuum beneath the PAH feature increases in proportion to the hot dust heated by the AGN.
Spectra for hundreds of sources with the IRS quantified the dependence of PAH strength on starburst/AGN classification determined from optical spectra (e.g. Brandl et al. 2006; Weedman and Houck 2009a; Sargsyan et al. 2011 ). These comparisons with optical classifications led to an infrared classification derived from EW(6.2 µm), measured as described below. The continuous gradation of EW(6.2 µm) provides a single parameter, quantitative measure of the starburst/AGN mix. We use the EW(6.2 µm) for classification rather than the stronger 11.3 µm PAH feature because the 11.3 µm feature is near the long wavelength limit of the IRS for z 2, and we also want to apply the classification at high redshifts.
The PAH spectroscopic emission features are complex (Figure 1 ), including an underlying plateau between 5 µm and 10 µm, a maximum at rest-frame ∼ 7.7 µm , and specific features at 6.2 µm and 11.3 µm. Features are broad and blended, and the "continuum" beneath the features includes wings of other PAH emission features. Sophisticated measures of PAH strengths require various assumptions about the underlying dust continuum and relative feature strengths to deconvolve the full, broad PAH features into different components (Smith et al. 2007 ). This deconvolution is uncertain when using observations of faint sources with poor signal to noise ratios (S/N) and limited coverage of rest frame wavelengths, as arises for the highest redshift sources with IRS spectra.
To avoid such uncertainties, we use simple parameters for PAH strength that allow consistent, model-independent observational measures that are possible even with weak features or poor S/N. These measures are made with the SMART software for IRS spectra (Higdon et al. 2004) and are: 1. the EW(6.2 µm) determined using a gaussian fit to the PAH feature and a linear fit to the continuum beneath the feature within the range 5.5 µm to 6.9 µm; 2. the total flux of the 11.3 µm feature, f(11.3 µm), determined with a gaussian fit to the PAH feature and a linear fit to the continuum beneath the feature from 10.5 µm to 12 µm. Measurements are given in Sargsyan et al. (2011) . Top spectrum is median observed rest frame IRS spectrum of 51 starburst PAH emission sources (100% Starburst) from samples in Sargsyan et al. (2011) ; bottom spectrum is median observed rest frame IRS spectrum of 65 AGN with silicate absorption (100% AGN; from same reference); intermediate spectra show mixes of top and bottom spectra, changing mix by 25% in each spectrum. Spectra are normalized to peak f ν (7.8 µm) and displaced by 0.5 units of f ν . Figure 1 compared to fraction of total luminosity at 7.8 µm which arises from AGN component. Curve derives from various mixtures of the "100% Starburst" and "100% AGN" spectra shown in Figure 1 . Criteria for EW(6.2 µm) used to classify Herschel sources in the remaining figures are illustrated.
Although the range of EW(6.2 µm) is continuous among spectra, comparisons with optical classes show consistent divisions. The initial study of IRS spectra for 22 optically classified starbursts showed that 21 of 22 sources have rest frame EW(6.2 µm) > 0.4 µm (Brandl et al. 2006) . Subsequent studies confirmed this result and also determined an EW limit for optically classified AGN. Of the 19 sources with EW(6.2 µm) > 0.4 µm having optical classifications in the f ν (24 µm) > 10 mJy sample of Weedman and Houck (2009a) , 18 are classified as starbursts; of the 17 sources with EW(6.2 µm) < 0.1 µm, 16 are classified as AGN. The distribution in Sargsyan et al. (2011) is illustrated in their Figure 4 , where 14 of 17 sources having both EW(6.2 µm) > 0.4 µm and optical classifications are starbursts, and 42 of 57 having EW(6.2 µm ) < 0.1 µm are AGN. Using these results, we have adopted the criteria that AGN have EW(6.2 µm) < 0.1 µm, composite sources have intermediate 0.1 µm < EW(6.2 µm) < 0.4 µm, and starbursts have EW(6.2 µm) > 0.4 µm. (Observed frame equivalent widths are greater by a factor of (1+z) compared to rest frame equivalent widths.)
This empirical observational classification is quantitatively consistent with starburst/AGN luminosity fractions when synthetic spectral combinations of mid-infrared spectral templates are assumed. Using the mixes of observed starburst and AGN spectra shown in Figure 1 , for example, the dependence of EW(6.2 µm) on the fractional AGN contribution to the mid-infrared luminosity is shown in Figure 2 . With this mix of spectra, > 90% of the midinfrared luminosity arises from a starburst if EW(6.2 µm) > 0.4 µm, confirming that this value of EW(6.2 µm) defines a starburst. The majority of the mid-infrared luminosity, > 55%, arises from an AGN if EW(6.2 µm) < 0.1 µm . In fact, most AGN in the present paper actually have EW(6.2 µm) < 0.01 µm for which > 90% of the luminosity arises from an AGN in Figure 2 . Composite sources have contributions from both starburst and AGN. The boundaries illustrated in Figure 2 , therefore, are those used to define classification symbols in those figures below which do not display a quantitative EW(6.2 µm).
Observations and [CII] Measurements
All [CII] observations were made using PACS line spectroscopy in point source chop nod mode with medium throw. A single repetition cycle was used for all but 20 sources, giving total observing time for the program of 20.2 hours for 112 sources. Table 1 includes results for the 112 sources. Data reduction was done with version 8 of the Herschel Interactive Processing Environment (HIPE), together with the "PACSman" software (Lebouteiller et al. 2012 ) used for fitting line profiles and continuum within each of the 25 equivalent spatial pixels, or "spaxels", produced by the PACS image slicer 3 . Illustrations of these fits are in Figure 3 , with examples of both high and low S/N sources, together with an example of a source with an unusually broad line profile.
We include a line detection as real if the S/N for the line profile fit in the brightest spaxel exceeds 3. If S/N < 3 for the line flux in the brightest spaxel, we adopt an upper limit for the total line flux. Of our 112 sources, 102 are detected according to this criterion. All results are in Table 1 .
One method for measuring total source fluxes with PACS is to take only fluxes in the brightest, central spaxel and correct to total flux assuming an unresolved source that is perfectly centered in the central spaxel. In this case, the flux from the central spaxel is corrected by a factor of 1.95 at wavelength 160 µm to determine the total flux 4 . The greatest uncertainties in this technique are the requirement of perfect centering and the possibility that sources are extended.
To minimize centering uncertainties and to maximize the inclusion of total flux, the procedure we adopt instead for measuring detections is to measure the total line flux in the brightest spaxel plus the 8 surrounding spaxels, f(3x3). (For detected sources, we find that the brightest spaxel is always the central spaxel, except for 4 cases where it is displaced by one spaxel, noted in Table 1 ). The f(3x3) covers a spatial area of 28 ′′ by 28 ′′ . Calibration communicated to us by the PACS calibration team gives the result that the f(3x3) should be corrected by a factor 1.16 to give the total flux at 160 µm for an unresolved source that is precisely centered. This correction is slightly wavelength dependent, increasing to a maximum correction of 1.21 for our highest redshift source, for which the [CII] line is observed at 212 µm.
To list the total fluxes of detected sources, therefore, we correct f(3x3) to include flux outside these spaxels by taking values between 1.16f(3x3) and 1.21f(3x3) as the total source line flux, depending on the observed frame wavelength according to the formula given in the footnote to Table 1 . These corrected f(3x3) are the values listed in Table 1 Table 1 . Vertical axes are flux density in Jy; horizontal axes are wavelength differences in µm from [CII] rest wavelengths derived using redshifts in Table 1 . Upper left panel (source 28 in Table 1 ) is a high S/N detection for which line flux derives from gaussian fit shown; upper right panel (source 92 in Table 1 ) is an upper limit; lower panel (source 83) is a complex, broad profile for which line flux is total integrated flux within the wavelength bounds of the two profiles shown.
[CII] line fluxes in Table 1 are the sum of the brightest spaxel plus the 8 surrounding spaxels, increased by a correction factor of 1.16 to 1.21 (depending on redshift) to include the flux from an unresolved source that would fall outside these 9 spaxels. Table 1 are shown as crosses for AGN, open circles for composite AGN plus starburst, and asterisks for starbursts (all using the EW(6.2 µm) classification discussed in section 2.1). Vertical line defines flux upper limit for the 10 undetected sources in Table 1 . Upper horizontal line is maximum value of ratio 1.16f(3x3)/1.95f(brightest) that can arise for an unresolved source because of imperfect centering; sources above this line must be extended. Lower horizontal line is ratio of unity expected for a perfectly centered unresolved source. single brightest spaxel corrected by a factor of 1.95 with the sum of the 9 spaxels corrected by 1.16. The limiting ratio for these corrected fluxes should be unity (log = 0 on vertical axis) for a perfectly centered point source, and several sources satisfy this value. Small centering uncertainties have little effect within the large area of the f(3x3) flux, so the scatter in 1.16f(3x3)/1.95f(brightest) primarily demonstrates the uncertainty arising when using only the brightest spaxel to determine total flux. The vertical dispersion of the points and the dominance of values above unity can be explained by slight differences in source centering within the brightest spaxel. (To simplify this illustrative calculation, we apply no wavelength dependence for different redshifts to the correction factors for Figure 4 because such differences are small compared to the centering uncertainties.)
For example, in the extreme case of a source being offset 5 ′′ in a direction such that the centering is on a spaxel corner, the "brightest spaxel" would be shared evenly among 4 spaxels. In this extreme example, the brightest spaxel would have 1/4 of the flux within the 4 spaxels, or within encircled energy of radius 10 ′′ (taken as 72% of the total flux for an unresolved source), so the brightest spaxel has 18% of the total source flux. For this extreme case of sharing the brightest spaxel among 4 spaxels, therefore, the correction to total flux derived only from the brightest spaxel should actually be a factor of 5.6 and not a factor of 1.95, so the corrected total flux from the brightest spaxel alone if corrected by 1.95f(brightest) would be erroneously faint by a factor of 2.9. This extreme case is shown as the upper line in Figure 4 . Intermediate centering of an unresolved source within the brightest spaxel would lead to values anywhere between the upper and lower lines in Figure  4 , so centering uncertainties alone of < ± 5 ′′ could explain the dispersion of all points in Figure 4 , except for the one source falling above the upper line.
Extended sources would also have ratios above unity in Figure 4 , and it is not possible to determine from this ratio alone whether a source is unresolved but not perfectly centered, or whether the source is slightly extended. A diffuse source so extended that it evenly fills the central 3x3 spaxels (so each of these 9 spaxels has the same flux as the brightest spaxel) would have log[1.16f(3x3)/1.95f(brightest)] = 0.73, but no sources show this extreme ratio. This is proof that no sources are extended as large as 30
′′ .
Further evidence that most sources are unresolved is the similar distribution in ratio 1.16f(3x3)/1.95f(brightest) between starbursts and AGN. If some sources are extended, they should be extended starbursts instead of unresolved AGN, but starbursts show no more extension to large ratios than do the AGN. The consequence to our analysis of having some marginally resolved sources would be that the total [CII] flux is erroneously large compared to PAH, because the PAH measure derives from IRS measures calibrated for unresolved sources. When comparing the [CII]/PAH ratio below in section 3.2, however, the only 3 sources with [CII]/PAH ratios significantly above the dispersion are three AGN, and none of these three show any evidence of spatial extent in the PACS images.
Figure 4 also illustrates how upper limits for non detections are determined. The detection limit for our sample is at log f([CII] 158 µm ) ∼ -16.7 in units of W m −2 . This value is taken as the upper limit of [CII] line flux for the 10 sources which are not detected, according to our criterion of S/N < 3 in the brightest spaxel.
Analysis and Results
In the present analysis, the mid-infrared spectroscopic features used for comparisons to [CII] line luminosities are the PAH emission features at 6.2 µm and 11.3 µm . These values are tabulated by Sargsyan et al. (2011) measured as described above in section 2.1. The 11.3 µm PAH is used as the PAH flux measurement for comparison with [CII] because this feature is detected in all but two of our sources, whereas the 6.2 µm feature is only a limit in 25 sources. The EW(6.2 µm) is used only for source classification, and all sources with limits for EW(6.2 µm) have classification as AGN because of the weak 6.2 µm PAH.
Comparison of PAH and [CII]
Photoionization and photoelectric heating models for [CII] (Stacey et al. 1991; Hollenbach and Tielens 1999; Malhotra et al. 2001; Abel et al. 2009 ) in comparison with previously available observations (Luhman et al. 2003; Gracia-Carpio et al. 2011; Stacey et al. 2010) indicate that [CII] emission arises primarily in PDRs, with ionization produced by the hot stars of the adjacent HII region. Although [CII] can arise in any region with singly ionized carbon and sufficiently energetic electrons for collisional excitation, the level of ionization seems the most important parameter for line strength; models show a weakening of [CII] if the ionization parameter increases, resulting in a diminishing of the PDR compared to the HII region. This could be the result of harder ionization either from AGN or from unusually hot stars in compact, young starbursts.
Comparisons of 6.2 µm PAH and [CII] using ISO results showed overall consistency between the two measures of PDRs but discussed various reasons why detailed agreement is not expected (Helou et al. 2001; Luhman et al. 2003) . Models as well as Herschel observations of spatially resolved [CII] emission regions and Galactic PDRs show that detailed relations are complex (Mookerjea et al. 2011; Lebouteiller et al. 2012; Velusamy et al. 2012; Beiräo et al. 2012 ) but generally confirm that [CII] emission arises primarily in the PDR and scales with the PAH (Croxall et al. 2012 ).
For our sample, the objective is an empirical observational comparison to determine how the observed [CII] and PAH fluxes scale together when integrated over many star forming regions throughout many sources. Such scaling would be an indication that the [CII] luminosity can be used as a quantitative measure of PDRs and SFR in the same fashion as the PAH luminosity can be used (Peeters et al. 2004 ) and thereby allow reliable use of [CII] as a star formation indicator. The large sample of sources enabled by the new Herschel observations can also determine the cosmic dispersion in this comparison and the extent to which the differences in [CII]/PAH ratios seen on small scales within starburst galaxies (e.g. Beiräo et al. 2012 ) average out when integrated over entire starburst systems. Figure 5 because this source has an IRS spectrum allowing PAH measurement; this source has higher redshift than any of our PACS sources.) Also shown for comparison in these and subsequent figures is the prototype local ULIRG Markarian 231 using [CII] fluxes from Fischer et al. (2010) and PAH measures from Sargsyan et al. (2011) , because this source satisfies our selection criteria. Figure 5 shows the important conclusion that the [CII] to PAH ratio is independent of starburst/AGN classification. The median ratios for all classes are the same. Figure 6 shows that the ratio does not depend on source luminosity. The overall median and dispersion for all sources is log [f([CII] 158 µm)/f(11.3 µm PAH)] = -0.22 ± 0.25. This scatter is a measure of the cosmic dispersion in the comparison of [CII] and PAH when integrated fluxes are observed that include entire, unresolved collections of starbursts. This dispersion is independent of AGN/starburst classification which implies that the dispersion is a measure of variances within the starbursts. Table 1 . Square is Markarian 231. as in Figure 1 , because the PAH feature falls within the broad silicate absorption centered at 9.7 µm. The silicate absorption is always associated with AGN classification and is attributed to thick dust clouds close to the AGN (e.g. Imanishi et al. 2007; Levenson et al. 2007 ). An important question about the geometry of these absorbing clouds is whether they also surround the starburst regions. The [CII] results allow a test of this. If the starbursts are affected by the same silicate absorption that affects the AGN, then the f([CII] 158 µm)/f(11.3 µm PAH) ratio should be systematically larger in sources with silicate absorption because the [CII] is not affected by the silicate absorption feature.
These absorbed sources are noted in Table 1 and shown in Figure 5 , where it is seen that there is no systematic difference in the ratio for the absorbed AGN compared to the emission AGN. Table 1 -with f([CII])/f(PAH) about a factor of ten greater than the median. All have strong and reliable [CII] detections with no unusual profiles or evidence of spatial mismatches or source extension. The PAH 11.3 µm feature is weak in all three, but independent CASSIS spectra yield fluxes consistent to within ∼ 30%, so there is no indication that the anomalous weakness of PAH is a measurement error. All are silicate emission sources, so the anomalies cannot be explained by silicate absorption associated with the AGN. These are the only sources among the 112 sources in all categories with excess [CII] luminosity compared to PAH. Why are the ratios so unusual in these three sources?
There are various possible explanations. One possibility is that an unusual combination of radiation hardness and ionization parameter, caused by geometry, density distributions or ionizing spectrum, causes PAH emission in the PDR to be suppressed while maintaining [CII] within the HII region (Luhman et al. 2003 ). An alternative possibility could be that the PAH are weak because of star formation taking place in dense clouds which are so obscured that the mid-infrared PAH from the starburst PDR suffers significant extinction compared to the far infrared [CII] . Because the AGN is not absorbed, such clouds would require a small filling factor or geometric placement outside of the observer's line of sight to the AGN. In this circumstance, we would expect mid-infrared emission lines associated with any obscured starburst, such as [Ne II] 12.8 µm, also to be unusually weak compared to [CII] , and would also expect to observe excess far infrared continuum from the obscured starbursts. We defer further analysis of this question until making more comparisons among Spitzer mid-infrared emission lines, [CII] and SEDs for our full sample of sources.
Star Formation Rate from [CII]
For eventual application to high redshift, dusty sources in which [CII] measurements with ALMA or other submillimeter/millimeter spectroscopy are the primary diagnostic, calibration of [CII] luminosity to star formation rate is our most important objective.
The conclusion reached above, that [CII] luminosity L([CII]) measures the PDRs arising from star formation, encourages the calibration of SFR compared to L([CII]).
Determining the SFR for dusty sources ultimately traces to the method of Kennicutt (1998) , in which the total infrared luminosity L ir is attributed to reradiation by dust of the primary stellar luminosity from the starbursts. The original calibration is log SFR = log L ir -9.76, for L ir in L ⊙ . We adopt the updated calibration in Buat et al. (2010) , giving log SFR = log L ir -9.97. All of our sources have L ir listed in Sargsyan et al. (2011) determined using the formulation in Sanders and Mirabel (1996) , described in the footnote to Table 1 . This L ir is an estimate of the complete 8 µm to 1000 µm luminosity derived from all four IRAS bands.
By comparing L ir to L([CII]) for starbursts, a calibration can be determined between L([CII]) and SFR. It is necessary to assure that L ir arises only from a starburst and is not contaminated by an AGN component. The resulting measures of SFR are shown in Figure 8 . The results show that the greatest SFRs are in sources with a starburst classification from EW(6.2 µm) even though these sources do not have the most luminous L ir . For example, among sources with log SFR > 1.8, six are starbursts, three are composite, and only two are AGN (not counting upper limits). This preponderance of starbursts is even greater when compared to the sample sizes; this high SFR includes 6 of 24 starbursts, 3 of 31 composites, and only 2 of 55 AGN. The dominance in SFR by starbursts arises despite the fact that the largest L ir (L ir > 10 12 L ⊙ ) are dominated by AGN. The maximum SFR in this sample is ∼ 100 M ⊙ yr −1 , about a factor of ten less than in the most luminous starbursts at z ∼ 2 with SFR measured using PAH luminosity (Weedman and Houck 2008) .
Another important result from Figure 8 is that AGN are generally accompanied by starbursts, but AGN sources (including composites) encompass a much larger range and dispersion of SFR than do the pure starbursts. AGN have -1 < log SFR < 2 compared to 0.8 < log SFR < 2.0 for starbursts. At luminosity L ir ∼ 10 11 L ⊙ , AGN have -0.2 < log SFR < 1.3 compared to 0.7 < log SFR < 1.7 for starbursts. Composites are intermediate. These results mean that some fraction of L ir arises from an accompanying starburst even for AGN-dominated L ir , but the large dispersion in SFR/L ir for AGN means this fraction varies by a factor of more than 10.
The [CII] "Deficit" and Source Classification
A primary result from analysis of [CII] luminosity from ISO measures was the discovery of the "[CII] Deficit", whereby the most luminous sources have weak L([CII]) compared to infrared luminosity (Luhman et al. 2003; Helou et al. 2001) . This is confirmed in new Herschel results (Gracia-Carpio et al. 2011 ) and ground-based results (Stacey et al. 2010) . The explanation of this deficit remains a question, and there are many possibilities, thoroughly reviewed by Luhman et al. (2003) . These include HII regions with densities above the critical density for [CII] emission, regions with increasing ionization parameter and harder ionizing radiation which diminishes or destroys the PDR Abel et al. 2009; Stacey et al. 2010; Gracia-Carpio et al. 2011) , and self absorption or dust extinction of [CII] .
One simple possibility to explain the deficit is that the most luminous sources are powered primarily by AGN so that most of the infrared luminosity arises from AGN which do not have accompanying L([CII]) from a starburst PDR. In this case, there would be no difference within the starburst regions or PDRs between ULIRGS and lower luminosity starbursts; the deficit is simply a consequence of increased AGN activity and the subsequent Table 1 ; line is linear fit to all of these points. Square is Markarian 231. additional L ir . This would be an important conclusion because of previous suggestions that individual starbursts in ULIRGS have higher luminosity density than other starbursts (Luhman et al. 2003; Stacey et al. 2010 ).
Because we have already concluded that L([CII]) scales with the starburst component, we would expect [CII] to be relatively weaker if an AGN dominates L ir than if L ir arises primarily from starbursts. This is already shown in Figure 7 , which demonstrates that AGN systematically have smaller values of L([CII])/L ir . Whether AGN are responsible for the deficit is tested in Figure 9 by comparing L([CII])/L ir with L ir using the source classifications derived from EW(6.2 µm). The overall distribution of points in Figure 9 demonstrates a deficit similar to the results summarized in Gracia-Carpio et al. (2011) and Stacey et al. (2010) . The line is fit to all points in our sample and would have an even steeper slope depending on the actual values for the upper limits. These conclusions consider only the total infrared luminosity L ir and do not address the important question of how the shape of the continuum spectral energy distribution depends on the AGN/starburst fraction. A measure of "far infrared luminosity" is also defined by Sanders and Mirabel (1996) using L f ir as an estimate of the 40 µm to 120 µm luminosity derived only from the 60 µm and 100 µm bands, and L f ir is used as a luminosity measure in some of the other analyses cited above. Our PACS results also provide the far infrared continuum flux density at rest frame 158 µm, and we will discuss these results in a future analysis to determine, for example, if sources with larger starburst fractions determined from L([CII]) also have a greater proportion of far infrared luminosity.
Comparisons to Dusty Sources at z ∼ 2
At redshifts z ∼ 2, the rest frame spectral features observed with the Spitzer IRS are those shown in Figure 1 . For starbursts and dusty, absorbed AGN, the spectra show a maximum near 7.8 µm. For starbursts, this is the peak of the PAH feature. For absorbed AGN, this is a localized continuum maximum between absorptions on both sides of the Table 1 . Symbols are as in preceding figures. Horizontal bars are medians within each category; medians include limits because all limits fall below the median. maximum ). These heavily absorbed AGN are the AGN among the DOGS and were generally not known from optical observations because of the heavy extinction by dust. Type 1 AGN or optically discovered quasars are also luminous in the infrared but have silicate in emission (e.g. Hao et al. 2005 ), which does not show the localized peak at 7.8 µm.
The presence of the 7.8 µm maximum explains why large numbers of dusty, optically obscured Spitzer sources are selected at z ∼ 2, because this maximum becomes centered within the broadband 24 µm filter used for surveys with the Multiband Imaging Photometer for Spitzer (Rieke et al. 2004) . Spitzer-discovered sources at these redshifts have also been measured in far infrared, submillimeter, and millimeter wavelengths and compared to the Herschel or submillimeter-discovered populations (Magdis et al. 2010; Kovacs et al. 2010; Lonsdale et al. 2010) . (The highest redshift source confidently discovered based on IRS spectra has z = 3.35, a redshift limit set by the observable IRS long wavelength limit for identifying the 7.8 µm maximum.)
In spectra of faint sources with poor S/N, the spectral maximum near 7.8 µm is the most reliable observational measure of mid-infrared (rest frame) flux density and can be easily measured from published spectra of faint, high redshift sources (e.g. Sajina et al. 2007; Farrah et al. 2008; Desai et al. 2009; Coppin et al. 2010) . For these reasons, our previous analyses of starbursts and AGN observed with the IRS use the parameter νL ν (7.8 µm) as a measure of infrared luminosity for local sources and Spitzer-discovered DOGS at z 2 (e.g. Houck et al. 2007; Weedman and Houck 2009b; Sargsyan et al. 2010) .
Future detections or limits on [CII] at high redshifts will provide important constraints on the earliest epochs of formation for luminous dusty starbursts and AGN. It is useful, therefore, to compare f ν (7.8 µm) and [CII] line fluxes for our present sample to predict [CII] line fluxes for the dusty population at z > 2, when scaled from the DOGS already known at z ∼ 2.
The comparison is shown in Figure 10 , using the maximum flux densities f ν (7.8 µm) from Sargsyan et al. (2011) and comparing f([CII])/νf ν (7.8 µm) so that units are the same. If high redshift populations have the same [CII] characteristics as our low redshift Herschel sample, these results predict log [f([CII])/νf ν (7.8 µm)] = -2.2 ± 0.2 for starbursts and log [f([CII])/νf ν (7.8 µm)] = -2.7 ± 0.5 for AGN. The larger dispersion of this ratio for AGN arises because of the large range in the starburst component of AGN, discussed in section 3.2.
Conclusions and Summary
The Herschel PACS instrument has been used to observe [CII] a Rest frame equivalent width of 6.2 µm PAH emission feature from Sargsyan et al. (2011) used to classify source as AGN, composite, or starburst.
b Total flux of [CII] 158 µm emission line in units of W m −2 using gaussian fit to line for simple profiles and integrated flux of line for complex profiles (noted by footnote i in this column). Line flux listed is the total flux observed within the 9 spaxels centered on the brightest spaxel, increased by a correction factor of 1.16 to 1.21 to include flux that would fall outside these spaxels for an unresolved source. The correction factor adopted for the range of observed [CII] wavelengths from 160 µm to 210 µm is 1.16(λ/158 µm) 0.17 . Uncertainties of individual fits given by S/N in next column; systematic uncertainty for all fluxes depends on PACS flux calibration, estimated as ± 12% in the PACS Spectroscopy performance and calibration document PICC-KL-TN-041 .
c Signal to noise ratio of total line flux in brightest spaxel, using one sigma uncertainty of profile fit.
d Ratio of flux in [CII] 158 µm to flux of PAH 11.3 µm emission feature, from Sargsyan et al. (2011) .
e Ratio f([CII])/νfν (7.8 µm) using fν (7.8 µm) from Sargsyan et al. (2011) . g Ratio of [CII] luminosity to L ir using L ir given in Sargsyan et al. (2011) from f ir determined as in Sanders and Mirabel (1996) , f ir = 1.8 x 10 −11 [13.48fν (12) + 5.16fν (25) + 2.58fν (60) + fν (100)] in erg cm −2 s −1 using IRAS flux densities at 12 µm, 25 µm, 60 µm and 100 µm.
h Brightest spaxel displaced one spaxel from central 3,3 spaxel.
i [CII] line profile is asymmetric or has component structure so total line flux is integrated flux including all components rather than flux within a single
